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Abstract 
Supercapacitor consists of two carbon electrodes and wooden sheet as a separator. Three types of carbon electrodes were 
prepared; carbon black (CB), multi-walled carbon nanotubes (MWNTs) and composites of MWNTs and CB (MWNTs-CB). 
Electrode pastes were coated on both sides of wooden sheet.  The thickness of wooden sheet was varies from 1 mm to 5 mm. The 
morphology of CB, MWNTs and MWNTs-CB were characterized by scanning electron microscopy (SEM). The supercapacitor 
performance was characterized by cyclic voltammetry and galvanostatic charge/discharge techniques.  Among carbon electrode 
materials, MWNTs-CB shows the highest specific capacitance. The high specific capacitance of MWNTs-CB may be due to the 
high surface area of MWNTs incorporated with CB acting as spacer for MWNTs agglomeration protection and electrolyte-
electrode accessibility improvement. Moreover, wooden sheet with a thickness of 2 mm shows the highest specific capacitance. 
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1. Introduction 
Supercapacitors, also called electrochemical capacitors (ECs) or ultracapacitors, are promising energy storage 
devices bridging the gap between batteries and dielectric capacitors. Supercapacitors have attracted increased 
attention due to their higher power density, fast rates of charge/discharge and longer cycle life [1-5]. 
Electrochemical double-layer capacitor (EDLC) type is widely used as a commercial supercapacitor. EDLC consists 
of three important parts; electrode, separator and electrolyte. To improve performance of supercapacitor, most 
efforts have been carried on the improvement of electrode materials. Electrode materials are required to have high 
specific surface area, good conductivity, and good chemical stability properties. Recently, carbon nanostructured 
materials such as activated carbon, carbon nanotubes (multi- and single-walled carbon nanotubes), carbon black and 
graphene have been explored as the electrode materials in supercapacitors [5-10]. Moreover, novel supercapacitor 
substrates also have been developed for flexible device and low cost fabrication. For example, paper and textile have 
been exploited as substrates with the high porous structure for fast access of ion to electrolytes [11].  
In this study, two carbon nanomaterials, carbon black (CB) and multi-walled carbon nanotubes (MWNTs), were 
focused. The composites of MWNTs and CB (MWNTs-CB) were synthesized by grinding and were used as 
electrode materials. A wooden sheet was adopted as substrate in this study. The wooden sheet is a commercial Balsa 
wood which is a very lightweight material and normally used for model airplane construction. Electrode pastes were 
coated on both sides of wooden sheet and the supercapacitor performance was characterized by cyclic voltammetry 
and galvanostatic charge/discharge techniques. Here, we report for the first time fabrication of separator for 
supercapacitors using the wooden sheets. Relationship between carbon nanomaterial electrode and the thickness of 
wooden sheets as separator were investigated to get the best condition for highest specific capacitance. Moreover, 
the effect of thickness of wooden sheet on supercapacitor performance was demonstrated. 
2. Experimental 
Three types of carbon electrodes were prepared; CB, MWNTs and MWNTs-CB. For MWNTs-CB, MWNTs and 
commercial-grade CB were uniformly grinded with the weight ratio of 1:1 in a ceramic mortar. Electrode paste was 
synthesized as follows. Briefly, each carbon nanomaterial was mixed with polyaniline composites (PANI: composite 
20 wt% polyaniline on carbon black), dimethylformamide (DMF) and binder together in the weight ratio of 1:1:20:1 
in a ceramic mortar. The resulting paste was coated onto both sides of the wooden sheet (1 cm x 1 cm) with a 
paintbrush and dried at room temperature for 3 h. Thus, supercapacitor device was obtained using wooden sheet as 
the separator.  
 
Fig. 1 shows the schematic view of the supercapacitor based on carbon nanomaterials-coated wooden sheet. The 
resistance of the electrode paste on each side of the wooden sheet was approximately 100  and the weight was 
approximately 1 mg. The morphology of these electrode pastes were characterized by scanning electron microscopy 
(SEM). To study the effect of the thickness of separator, the thickness of wooden sheet was varies from 1, 2, 3, 4, 
Fig. 1. Schematic view of the supercapacitor based on carbon nanomaterials-coated wooden sheet. 
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and 5 mm using MWNTs-CB as electrode material. Next, electrolyte was prepared by mixing polyvinyl alcohol 
(PVA) powder, deionized water (DI water) and concentrated phosphoric acid (H3PO4) in the weight ratio of 1:20:1.  
The electrochemical measurements were performed using an electrochemical workstation system (Autolab 
Potentiostats & Galvanostats, Metrohm). The device was immersed and tested in the PVA-H3PO4 electrolyte. Cyclic 
voltammetry (CV) and galvanostatic charge/discharge (CD) were measured. CV tests were done at a potential range 
of –1.0 V to 1.0 V or –0.5 V to 0.5 V at a scan rate of 0.2 Vs-1. Galvanostatic CD tests were measured at a potential 
range of 0 V to 0.1 V at a current of 1 mA. The supercapacitor specific capacitance (C, Fg-1) were evaluated from 
CV and CD curves according to the following equation;  
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Where i is an average cathodic current (A), s is a scan rate (Vs-1), m is a weight of carbon nanomaterials in the 
electrode paste (g), I is a discharge current (A), ¨t is a charge time (s) and ¨V represents a voltage charge after a full 
charge or discharge (V) [12]. 
 
3. Results and Discussion 
Figs. 2a-2c shows SEM images of the CB, MWNTs and MWNTs-CB, respectively. The morphologies of three 
types of electrode materials were completely different. The CB was in a spherical shape with a diameter of 
approximately 10 nm (Fig. 2a). The MWNTs was in a tubular shape with a diameter of approximately 20 nm and 
entangled to each other (Fig. 2b). For MWNTs-CB, MWNTs was found to disperse in the CB matrix (Fig. 2c).  
   Next, the electrochemical behavior of the supercapacitor devices based on three types of carbon nanomaterials 
were characterized using cyclic voltammetry (CV) and galvanostatic charge/discharge (CD) techniques. Fig. 3 
shows the CV curves of CB, MWNT and MWNTs-CB as electrode materials at a scan rate of 0.02 Vs-1 in a 
potential range between -1.0 V to 1.0 V. The CV curves of all devices were quasi-rectangular in shape along the 
current-potential axis, indicating the supercapacitor behavior. These results imply that wooden sheet can act as the 
separator for supercapacitor. The specified capacitance of the devices can be estimated from CV curve and 
calculated by equation (1). It was found that the MWNTs-CB showed the highest specified capacitance, while the 
CB showed the lowest value.  
 
 
 
Fig. 2. SEM images of different electrode materials (a) CB; (b) MWNTs; (c) MWNTs-CB. 
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Normally, it is usually predicted that the capacitance is proportional to its effective surface area [13]. However, 
from the results of gas adsorption characterization, it was found that MWNTs had the highest BET surface area and 
CB had the lowest value. The BET surface area of MWNTs, CB and MWNTs-CB were 266.52, 70.196 and 198.99 
m2g-1, respectively (data not shown). Thus, the improvement of specific capacitance of MWNTs-CB in this study 
may be attributed to the role of CB in the composites of MWNTs and CB. Similarly to graphene nanosheet/carbon 
black composites system [14], the high specific capacitance of MWNTs-CB may be due to the high surface area of 
MWNTs incorporated with CB acting as spacer for MWNTs agglomeration protection and electrolyte-electrode 
accessibility improvement.  
Next, the effect of wooden sheet thickness on supercapacitor behavior was investigated. The thicknesses of 
wooden sheet were varied to 1, 2, 3, 4 and 5 mm using MWNTs-CB as electrode material. Fig. 4a shows the CV 
curves of supercapacitors with different thicknesses of wooden sheets at a scan rate of 0.02 Vs-1 in a potential range 
between -0.5 V to 0.5 V. The CV curves of all devices were quasi-rectangular in shape along the current-potential 
axis, indicating the supercapacitor behavior. The devices with the wooden sheet thicknesses of 2, 3 and 4 mm show 
the highest current of approximately 5 mA. The specified capacitance of the devices can be estimated from CV 
curve and calculated by equation (1). Specified capacitance of devices with the wooden sheet thicknesses of 1, 2, 3, 
4 and 5 mm were 19.95±0.05, 88.96±0.84, 82.47±0.63, 78.32±0.68, and 71.85±0.77 Fg-1, respectively. Fig. 4b 
Fig. 4. (a) Cyclic voltammograms of different thicknesses of wooden sheets at scan rate of 0.02 Vs-1; (b) galvanostatic charge/discharge 
curves of different thicknesses of wooden sheets at an applied constant current of 1 mA. 
b)a) 
Fig. 3. Cyclic voltammograms of different electrodes at a scan rate of 0.02 Vs-1 at an applied constant current of 1 mA in PVA-H3PO4 
electrolyte. 
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shows the galvanostatic CD curves of supercapacitors with different thicknesses of wooden sheets. The relatively 
linear voltage-time profiles and the relatively symmetric charge/discharge characteristics were confirmed. The 
calculate specified capacitance of devices with the wooden sheet thicknesses of 1, 2, 3, 4 and 5 mm were 
18.50±0.05, 88.87±0.69, 81.23±0.69, 72.64±0.56, and 70.01±0.29 Fg-1, respectively. The specific capacitance of 
devices with the different wooden sheet thicknesses calculated from CD curve has the same trend as that calculated 
from CV curve. Wooden sheet with a thickness of 2 mm showed the highest specified capacitance of 88.96±0.84 Fg-
1. The magnitudes of specified capacitance of devices were in the following order: C2mm > C3mm > C4mm > C5mm > 
C1mm. Normally, the smaller charge separation, the higher capacitance. However, in this study, the wooden sheets 
with thicknesses lower than 2 mm showed smaller specific capacitance. This can be ascribed to the possibility of 
shorting circuit between two electrode layers. On the other hand, in the thicker separator, ions need long distance to 
migrate to reach the electrolyte electrode interface; thereby the specific capacitance is the smaller in the thicker 
separator [15]. However, further detailed works and optimization are needed. The specific capacitance of 
supercapacitor based on MWNTs-CB coated wooden sheet could be improved by carbon nanomaterials-electrolyte 
interface modification and electrolyte improvement. These preliminary results suggest the MWNTs-CB composites 
coated wooden sheet is a promising electrode for EDLCs application 
4. Conclusion 
In summary, a supercapacitor based on MWNTs-CB composited coated wooden sheet was successfully 
fabricated. Compare to pristine MWNTs and CB, MWNTs-CB composites coated on the 2 nm-thickness of wooden 
sheet showed the highest specific capacitance. The high specific capacitance of MWNTs-CB is attributed to the high 
surface area of MWNTs incorporated with CB acting as spacer for MWNTs agglomeration protection and 
electrolyte-electrode accessibility improvement. These preliminary results suggest the MWNTs-CB composites 
coated wooden sheet is a promising electrode for EDLCs application. 
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